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Abstract    
 
In a first paper movements in the plane were studied and encoded using ideas from 
coding theory. These encodings are now tested on data in the form of measurements of 
body motions obtained from video recordings. First the encodings from manual and 
automatic measurements are compared. The recordings of certain types of movements 
during different activities are investigated to see whether they can be used for classifying 
the activities. Finally a measure called agitation is introduced. 
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1. INTRODUCTION 
 
We shortly recall the encoding of movements as developed by Hoede and Wang[1]. 
The location of a moving point in the plane is indicated by (x, y). After equal intervals in 
time this location is measured. This determines a sequence of shifts (∆x, ∆y) and 
therewith a first encoding of the movement. More detailed information concerning the 
movement during one time interval may indicate that there are turns; in horizontal or 
vertical direction. Four types of turns were distinguished: h+, h-, v+, v-, see Figure 1. 
 
 
Note that the standard orientation of the coordinate axes has been assumed and that the 
direction of the movement is irrelevant. For example, h+
 
is a movement where the x 
coordinate first diminishes and then gets larger again.The movement during a time 
interval may exhibit several turns. Two consecutive turns may be: h+ h-, h- h+, v+ v-, v- v+
. 
These consecutive pairs are said to be of vibrational type. Then a horizontal and a 
vertical turn may be consecutive. Such pairs are said to be of rotational type. 
 
The endoding vectors for a time interval have four components: 
 
1. the shift ∆x in horizontal direction 
2. the shift ∆y  in vertical direction 
3. the number of consecutive pairs of turns of vibrational type 
4. the number of consecutive pairs of turns of rotational type. 
 
In Figure 2 the movement in one time interval from a = (1, 4) to b = (6, 1) exhibits a shift 
(5, -3), and concutively, turns of type h-,  h+, v+, h-, v-, h+. Thus one pair h-h+ is of 
vibrational type, whereas the following four pairs are of rotational type. The encoding 
gives the vector   
C = (+5, -3, 1, 4) 
 
for this “state” of the movement. Further simplifications are possible. 
 
h+ h- v+ v
- 
Figure 1: Four types of “turns” 
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Given the encodings for consecutive time intervals, the changes in shifts determine an 
acceleration vector a, in both x- and y-direction, where the shift for the starting point of 
the movement is put equal to (0, 0). If then the first and second component are put equal 
to 1 if the acceleration is non-negative and equal to 0 if the acceleration is negative, the 
encoding vectors have components 0 or 1, for the first two components. Similarly, the 
third and fourth component can be given value 0 or 1, e.g. 1, if the number of turns is 
greater than or equal half the maximum value obtained during the intervals, and 0 
otherwise. In this way (0, 1)-vectors with four components can be time obtained, so then 
there would be 24 =16 different states for the movement in a time interval. 
 
2. MOVEMENTSCORRESPONDING TO THE 16 CODE WORDS 
 
Before testing the encoding on some experimental data we will discuss the 16 “states” S0, 
S1,… S15  in which a movement can be. 
 
Recall that the format of the 4-vectors is ( horizontal shift, vertical shift, number of 
vibrational consecutive turns, number of rotational consecutive turns). The components 
were reduced to 0 or 1 for shifts corresponding to negative shifts respectively non-
negative shifts. For turns half the maximum value occurring was used to give 0 or 1, but 
one might also make the distinction no pair of consecutive turns versus at least one pair 
of consecutive turns.To get an idea of the movements that the code vectors stand for we 
will now describe some standard example movements. The shifts all have the same non-
zero value, where as only one pair of turns is given in case the third or/and fourth 
component is 1. 
 
 
 
 
 
(0, 0) 
a = (1, 4) 
Figure 2: Example movement 
 
b = (6, 1) 
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We start with the vectors S0, S4, S8 and S12. These vectors only have shifts, no turns. 
Figure 3 gives the corresponding standard movements.  
 
The effect of nonzero values in the third or/and fourth component will only be discussed 
for the case that both first and second component are 0. That means that we get 
superpositions on the standard movement encoded by S0. 
 
 
 
We first consider S1 = (0, 0, 0, 1). There is, at least, one rotational pair, so an hv-pair or a 
vh-pair. The four standard movements are given in Figure 4. Note that a turn can be 
positive or negative. 
 
Now consider S2 = (0, 0, 1, 0). There is, at least, one vibrational pair, so an hh-pair or a 
vv-pair. Due to the fact that the (+) and (-)-sign can have different order there are again 4 
standard movements, given in Figure 5. 
 
Finally consider S3 = (0, 0, 1, 1). One vibrational pair and one rotational pair is 
encountered in case there are three consecutive turns, with two consecutive turns of the 
same type; hhv, vhh, vvh or hvv. There are two sign orders for the vibrational pair and two 
signs for the third turn. So in all there are 16 standard motions for S3. These are:  
       h+ h-v+, h-h+v+, h+h-v-, h-h+v-,                     v+h+h-, v-h+h-, v+h-h+, v-h-h+,          
       v
+
v
-h+, v-v+h+, v+v-h-, v-v+h-,                       h+v+v-, h-v+v-, h+v-v+, h-v-v+.  
S0 =(0,0,0,0)            S4 =(0,1,0,0)          S8 =(1,0,0,0)            S12 =(1,1,0,0)             
Figure 3: Four standard movements 
 
h+ v+                                        h- v+                                v-h+                                           v-, h-  
Figure 4: Four movements  encoded by S1 
 
h+h-                                           h-h+                                v+v-                                           v-v+  
Figure 5: Four movements  encoded by S2 
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For 4-vectors with first or/and second component being 1 there are also 16 standard 
movements similar to those described in Figure 6. 
 
 
 
 
 
Figure 6: 16 movements encoded by S3 
 
 
 
 
 
 
 
 
 
v
+h+h-                     v-h+h-                             v+h-h+                         v-h-h+          
h+h-v+                                      h-h+v+                       h+h-v-                                  h-h+v-  
v
+
v
-h+                  v-v+h+                                v+v-h-                       v-v+h- 
h+v+v-                            h-v+v-                               h+v-v+                       h-v-v+ 
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3. USING THE ENCODING ON EXPERIMENTAL DATA 
 
The use of the encoding will be illustrated on the data presented in Appendix A. 
 
Video recordings were used to measure the positions of body parts, of which two are 
chosen: toph(ead) and righth(and). This was done both manually (M) and automatically 
(A) at 61 moments in time, from frames chosen from 7500 frames, at times with 
consecutive equal differences. Both x-and y-position were measured for two persons p1 
and p2. 
 
The manual data were given in multiples of 5. For that reason the automatic data were  
rounded off  to multiples of 5 as well. 
 
The turns in horizontal (x-) direction and vertical (y-) direction were determined by 
finding consecutive identical values preceeded and followed by higher values (+turns) or 
by lower values(-turns) and choosing the middle of the identical values as time at which 
the turn took place. As an example, consider Mtoph.x and Mtoph.y of person 1 from 
frame number 2250 till 4750. There are 6 consecutive values 180. We therefore conclude 
a h+-turn between frame numbers 4250 and 4375. For the y- values a v+-turn with value 
330 occurs, (9 consecutive identical values) with middle at frame number 2875. Between 
frame numbers 3625 and 3750 there is a v- turn followed by a v+-turn with coordinate 
value 330 at frame number 4375. 
 
For the chosen time interval we find the sequence v+ h+ v- v+ of turns. There are two 
rotational pairs, v+ h+ and h+ v-, and one vibrational pair v- v+. In case a horizontal turn and 
vertical turn occur at the same time we choose their order in such a way that with the 
aforegoing turn a vibrational pair is formed. This choice is motivated by the fact that 
vibrational movements of body parts seem more likely. 
 
We have no interpretation of the movements at our disposal here. The whole sequence of 
60 position shifts may belong to one type of activity. We can not do more, in first 
instance, than illustrate the encoding and compare the manual data with the automatic 
data by comparing their encodings. Completely arbitrarily we considered sequences of 6 
time intervals as “activities”, leading to 10 larger time intervals, that could now be 
encoded. In case a turn happened to take place at the boundary of two such intervals it 
was decided to let it be part of the second one, as it only manifests itself due to the second 
interval. 
 
We found the following pairs of state sequences, starting from frame number 1. 
 
Mtoph(p1): S4→S11→S15→S0→S12→S0→S15→S2→S10→S5  
Ahoph(p1): S12→S0→S9→S2→S14→S9→S15→S1→S15→S7 
 
Mrighth(p1): S8→S6→S5→S11→S4→S8→S10→S0→S3→S12 
Arighth(p1): S11→S7→S7→S9→S4→S10→S7→S8→S14→S3 
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Mtoph(p2): S8→S0→S15→S1→S5→S8→S12→S2→S9→S4 
Atoph(p2): S9→S2→S15→S1→S14→S10→S6→S2→S8→S4 
 
Mtighth(p2): S12→S0→S6→S1→S0→S4→S8→S0→S4→S12 
Atighth(p2): S4→S8→S4→S9→S13→S3→S12→S0→S9→S15. 
 
These encodings should be quite similar as both manual and automatic measurements are 
carried out on the same data. However, the encodings are quite different. We can apply 
the similarity measure presented in [1] and then this is confirmed. 
 
The similarity measure does not take into account that some movement types are similar. 
This comes forward in the Hamming distances between pairs of code vectors, so in the 
number of components that are different. S0 = (0, 0, 0, 0) and S15 = (1, 1, 1, 1) have the 
maximum distance 4. Indeed, the movements “negative shifts without vibrational or 
rotational pairs of turns” and “positive shifts with both vibrational and rotational pairs of 
turns” really are of different type. 
 
We may therefore represent the sequences by (0, 1)-vectors with 40 components. For the 
first pair of sequences this yields 
 
Mtoph(p1):  
(0 1 0 0 | 1 0 1 1 | 1 1 1 1 | 0 0 0 0| 1 1 0 0 | 0 0 0 0 |1 1 1 1 | 0 0 1 0 |1 0 1 0|0 1 0 1) 
 
Atoph(p1):  
(1 1 0 0 | 0 0 0 0 | 1 0 0 1 | 0 0 1 0| 1 1 1 0 | 1 0 0 1 |1 1 1 1 | 0 0  0 1|1 1 1 1|0 1 1 1). 
 
The Hamming distance between these two 40-vectors is 1+3+2+1+1+2+0+2+2+1=15. 
So even when taking similarity of types into account the manual and automatic encodings 
of the same movement give rather different encodings with differences in 15 components, 
out of 40. The encodings of the shifts only show differences in 5 components, out of 20. 
This seems somewhat better, but still is too large a difference to make the automatic 
encoding trustworthy. 
 
An even more important feature is the following. Considering just one, manual, series of 
measurements gives an encoding. These measurements start with frame number 1. 
However, if the encoding is based on measurements starting with frame number 125, 250, 
375, 500 or 625, with the same interval length, the resulting encodings of the same 
movement show considerable dissimilarity. 
 
As conclusions of using the encoding technique we have that manual and automatic 
measurements may lead to considerably different encodings and that the encodings are 
rather sensitive to the choice of the starting point of the measurements. 
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4. TESTING THE ENCODING OF EXPERIMENTAL DATA 
  
The goal of classification of motions is to have a possibility to recognize “what is going 
on”, preferably in an automatic way. 
 
Ideally measurements of types of motions, as distinguished by humans, should give an 
encoding of each type. These encodings could then be tested on their ability to classify, 
recognize, types of motion in new measurements. 
 
As we do not have such measurements of a number of motions of the same type, we went 
ahead as follows. The data came from measurements of a 5 minute video recording of 
two persons. Four persons were asked to classify, recognize, activities during these 5 
minutes, that yielded the 7500 frames, 25 per second. The four persons, quite 
consistently, distinguished four activities, these were: 
 
Listening 1: from frame number 1 to frame number 1375. 
Writing     :  from frame number 1375 to frame number 2000. 
Listening 2: from frame number 2000 to frame number 6125. 
Talking      : from frame number 6125 to frame number 7000. 
 
These manual measurements of moments at which activities changed were more or less 
confirmed by the procedure described in Section 5. 
 
We now encoded these four activities by encoding the motions of tophead, righthand and 
lefthand, as measured manually, for both persons in the mentioned time intervals. It 
turned out that one person was left handed! The results were: 
 
person 1: tophead:   S1→S4→S3→S12 
                       
rightHand: S11→S3→S11→S7 
                       
lefthand:   S12→S0→S11→S4 
person 2: tophead:   S0→S13→S3→S12 
                       
righthand: S13→S13→S3→S13 
                       
lefthand:   S0→S0→S15→S7 . 
 
To illustrate the encoding of combined movements, there three movements, we give the 
matrix encodings: 
During listening 1:  p1: 










0011
1101
1000
 ;         p2: 










0000
1011
0000
 
During writing:       p1: 










0000
1100
0010
 ;         p2: 










0000
1011
1011
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 During listening 2: p1: 










1101
1101
1100
 ;          p2: 










1111
1100
1100
 
During talking:       p1: 










0010
1110
0011
 ;          p2: 










1110
1011
0011
. 
 
Comparing the encodings during the two activities “listening” the encodings for person 1 
differ on four elements of the two matrices, 3 of which for the left hand. For person 2 the 
matrices differ on 9 elements, 4 of which for the left hand. 
 
Comparing, for person 1, the encoding for listening, with that for writing we find 5 
different elements and comparing that for listening 1 with that for talking we find 6 
different elements. Comparing writing with talking gives 3 different elements. The main, 
negative, conclusion is that for the two activities listening 1, and listening 2 no 
satisfactory similarity of the encodings has been found. 
 
In case we choose the moments at which activities change on the basis of the agitation 
analysis of Section 5, we get essentially the same, unsatisfactory, results. 
 
Remark: if we take into account all the parts of the body, for which measurements exist, 
we expect better distinction of the typical movements during the different activities. That 
is, under the assumption that such typical movements exist! 
 
In fact, watching the recording, one gets the impression that, although there are clearly 
the described four activities, the movements of the body parts are erratic and quite person 
dependent. This seriously puts in doubt the possibility to classify activities by 
classification of corresponding movements of body parts. In Figure 7 the manually 
measured tophead location is given for 61 frame numbers to illustrate the erratic 
movement during the whole 5 minutes. 
 
Figure 7:  Manually measured tophead location of person 1 
320 
325 
330 
335 
340 
345 
350 
355 
360 
365 
175 185 195 205 215 225 235 
x
y 
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Notice that the location may stay the same during several consecutive time intervals and  
that tophead may return to the same location. The movement starts in (220,330) and ends 
in (220, 350) 
 
5. AGITATION 
 
One of the difficult problems is to find out when one activity ends and another starts on 
the basis of the measured positions. Any indicator for such a transition should be given 
by changes. This idea, and the fact that our personal observations revealed rather erratic 
movements during the whole recording, led to the idea that the agitation of a movement 
might be an essential part of the movement. 
 
Our data are sequences of positions, values, stemming from continuous movements of 
body parts. Let f(t) be a continuous function giving the position of a point in one 
dimension. Let f(t) have consecutive extremal values f0, f1, …,  fn, on the time interval 
 [0, T]. 
 
Definition 1: The agitation A of f(t) on the time interval [0, T] is  
 
A = 
−
=
+ −
1
0
1 ||1
n
k
kk ffT . 
 
To get an idea of this measure we consider some examples. 
 
(i) If f = constant, then A = 0.  
(ii) If  f = D ⋅ cos ω t, then the sum equals 2D ⋅ N, if there are N periods in time T . 
Moreover ω = 
T
N
⋅2pi, so A =
N
ND
pi2
2
⋅ω = 
pi
ωD
.We see that for a periodic 
movement, like vibrations, the agitation is proportional to the amplitude and 
to the frequency. 
(iii) The agitation may diverge. A = ∞ for f(t) = t sin
t
1
 on [0, 1], a well-know 
example of a continuous function with an infinite number of oscillations of 
decreasing amplitude. 
 
In Appendix B we give the differences in value for consecutive times of measurements 
for person 1. From these tables the total agitation, i. e. the sum of the agitations of 
movements of all body parts can be calculated. For one time period, this sum is 
proportional to the sum of the absolute values in a row. Total agitation is clearly high for 
frame numbers 375, 750, 1375, 2125, 2500, 4875, 5500 and 6625, see Figure 8. The 
conclusion is that agitation can indeed be seen as an indicator for a change in activity. 
Note, however, that frame numbers 375 and 4875 are indicated, although the human 
observers did not consider these moments as moments of change of activity. 
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Figure 8: Total agitation per time interval 
 
6. DISCUSSION 
 
The classification of movements turns out to be just that. The attempt to classify activities 
as seen on video recordings by classifying the movements of body parts during the 
activities failed. Movements during activities are erratic. 
 
This does not mean that the classification is useless. A vibrational movement of the nose 
can be classified as such. Whether such a movement is due to the person nodding “yes” 
or “no” is not certain, but rather likely. 
 
It seems that the classification will work well there where movements are defined well. 
An example might be figure ice skating. Between the simple skating periods certain 
jumps are carried out, like triple Rittberger or double Salchow. Movements like these 
should lead to classifications by encodings that have a high correctness rate in 
recognizing which specific jump was carried out. 
 
The example also confirms the usefulness of the agitation measure that, when having a 
high value, indicates when the, complex, jumps are carried out. 
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APPENDIX A : Table 1: the positions of the movement of person 1 
 
Frame 
number 
Mtop 
head.x 
Mtop 
head.y 
Mright 
hand.x 
Mright 
hand.y 
Atop 
head.x 
Atop 
head.y 
Aright 
hand.x 
Aright 
hand.y 
MLeft 
hand.x 
Mleft 
hand.y 
1 220 330 215 135 225 335 220 140 160 110 
125 220 330 215 135 225 340 215 135 160 110 
250 220 330 215 135 225 340 220 135 160 110 
375 190 335 200 150 195 345 215 140 170 230 
500 190 335 200 150 195 345 245 135 170 230 
625 190 335 200 150 195 345 235 140 170 230 
750 190 335 280 85 195 340 275 80 170 230 
875 190 335 280 85 195 340 275 80 170 230 
1000 220 345 280 85 220 350 275 80 170 230 
1125 220 345 280 85 225 350 270 80 190 230 
1250 220 345 280 85 220 345 275 75 190 230 
1375 210 325 245 125 215 330 235 130 190 120 
1500 195 325 280 90 195 325 275 85 190 100 
1625 190 325 280 90 195 325 280 90 185 100 
1750 190 325 270 100 185 320 265 95 175 95 
1875 220 340 270 100 225 340 260 90 175 95 
2000 215 360 255 110 220 360 255 115 175 105 
2125 210 350 220 220 210 350 310 140 190 225 
2250 215 345 225 225 210 345 260 150 190 215 
2375 200 330 220 220 205 330 275 170 190 215 
2500 200 330 275 100 190 330 260 95 170 220 
2625 190 330 275 100 195 330 260 95 170 220 
2750 190 330 265 95 190 335 250 90 170 220 
2875 190 330 265 95 190 335 255 85 170 220 
3000 190 330 265 95 190 335 260 90 170 220 
3125 190 330 265 95 190 340 265 95 170 220 
3250 190 330 265 95 185 340 265 90 170 220 
3375 190 330 265 95 185 340 260 90 170 220 
3500 190 335 260 95 195 340 245 90 185 230 
3625 190 335 260 95 185 335 250 95 185 230 
3750 190 335 260 95 180 340 255 100 185 230 
3875 190 335 275 85 200 340 270 85 170 230 
4000 180 330 275 85 185 330 275 85 170 230 
4125 180 330 275 85 185 330 275 85 170 230 
4250 180 330 275 85 180 340 300 80 170 230 
4375 180 330 305 85 180 340 300 85 170 230 
4500 180 330 305 85 180 340 300 75 170 230 
4625 180 330 305 85 180 340 300 90 170 230 
4750 190 330 250 95 190 330 255 95 170 230 
4875 235 345 275 95 240 345 275 90 200 100 
5000 200 330 275 95 195 335 270 85 190 85 
5125 210 350 275 95 210 350 270 90 190 85 
5250 210 350 275 95 210 355 275 90 190 85 
5375 210 350 275 95 215 345 275 90 190 85 
5500 190 330 275 95 190 335 280 95 190 85 
5625 190 330 275 95 190 335 275 95 190 85 
5750 190 330 275 95 190 340 275 100 190 85 
5875 200 330 275 95 205 340 275 100 190 85 
6000 205 345 275 95 205 345 270 95 190 85 
6125 210 350 275 95 210 350 270 90 190 85 
6250 200 340 275 95 195 335 275 90 190 85 
6375 200 340 275 95 205 345 270 90 190 85 
6500 210 340 275 95 210 345 275 100 190 85 
6625 210 340 235 220 205 340 260 150 190 85 
6750 215 345 260 80 220 350 280 110 190 85 
6875 200 345 260 80 205 350 255 85 190 85 
7000 190 345 270 80 195 345 270 80 190 85 
7125 190 345 270 80 200 350 265 90 190 85 
7250 205 340 270 80 210 340 275 100 190 85 
7375 220 350 270 80 220 350 265 85 190 85 
7500 220 350 265 85 220 355 260 85 190 85 
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Table 2: the positions of the movement of person 2 
 
Frame 
number 
Mtop 
head.x 
Mhop 
head.y 
Mright 
hand.x 
Mright 
hand.y 
Atop 
head.x 
Atop 
head.y 
Aright 
hand.x 
Aright 
hand.y 
MLeft 
hand.x 
MLeft 
hand.y 
1 480 370 530 110 480 380 535 110 460 110 
125 480 370 530 110 470 390 545 115 460 110 
250 480 370 460 175 475 395 545 180 535 185 
375 480 370 445 165 480 375 535 175 535 175 
500 480 370 445 155 490 375 535 175 535 170 
625 490 365 445 155 490 370 535 175 535 170 
750 490 365 445 155 480 375 530 175 535 170 
875 490 365 445 155 485 375 530 175 535 170 
1000 490 365 445 155 500 370 535 175 535 170 
1125 490 365 445 155 490 375 535 175 535 170 
1250 480 385 535 115 480 390 530 105 495 135 
1375 460 360 535 115 460 360 525 115 445 105 
1500 445 320 520 105 445 320 555 140 440 95 
1625 470 360 510 105 470 365 550 140 440 95 
1750 445 330 500 105 445 335 545 135 440 95 
1875 450 345 500 105 450 350 545 140 440 95 
2000 465 380 560 155 470 395 560 155 430 95 
2125 445 400 540 155 445 400 535 165 410 80 
2250 445 400 540 155 445 405 530 160 420 80 
2375 445 400 540 155 450 405 535 165 420 90 
2500 445 400 540 155 440 405 530 165 430 90 
2625 440 400 550 145 435 400 540 175 430 90 
2750 470 405 550 145 465 405 500 155 470 280 
2875 410 390 545 155 415 390 525 155 420 280 
3000 410 390 545 155 410 390 525 155 420 280 
3125 410 390 545 155 415 400 535 170 420 280 
3250 410 390 545 155 415 395 525 155 420 280 
3375 420 395 545 155 420 400 535 175 470 120 
3500 420 395 545 155 420 400 535 170 470 90 
3625 420 395 545 155 420 400 530 165 470 90 
3750 420 395 545 155 420 400 530 165 470 90 
3875 420 395 545 155 425 405 540 175 470 90 
4000 430 395 520 160 425 400 530 175 470 90 
4125 430 395 520 160 440 405 520 165 470 90 
4250 430 395 520 160 425 405 525 170 470 90 
4375 430 395 520 160 430 400 525 170 470 90 
4500 430 395 520 160 430 400 515 165 470 90 
4625 430 395 520 160 430 405 525 170 470 90 
4750 430 395 520 160 425 400 525 175 470 90 
4875 430 395 520 160 430 405 530 180 470 90 
5000 440 400 520 160 435 405 530 170 470 90 
5125 440 400 520 160 435 405 530 170 470 90 
5250 440 400 520 160 430 410 525 170 470 90 
5375 430 400 520 160 430 405 525 170 460 100 
5500 430 400 520 160 430 405 525 175 460 100 
5625 430 400 520 160 425 405 530 175 460 100 
5750 420 400 520 160 420 400 530 170 460 100 
5875 430 400 520 160 435 405 520 165 460 100 
6000 425 400 520 160 425 405 535 170 460 100 
6125 450 370 525 115 455 375 550 135 450 95 
6250 470 370 525 115 475 370 540 135 450 95 
6375 480 370 520 105 475 370 530 115 450 95 
6500 480 365 520 105 480 365 525 105 455 90 
6625 500 375 520 105 485 375 535 115 455 100 
6750 475 370 520 105 480 370 550 145 445 100 
6875 475 365 520 105 475 365 540 130 445 100 
7000 475 365 520 105 475 370 545 140 445 100 
7125 475 365 520 105 475 375 525 110 445 90 
7250 475 365 520 105 480 370 550 135 445 90 
7375 490 365 520 105 490 370 550 125 450 100 
7500 480 365 570 130 480 365 575 140 420 100 
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APPENDIX B: the differences in value for consecutive times of measurements for p1 
fram
enu
mber 
toph
ead.
x 
toph
ead.
y 
bott
omh
ead.
x 
bott
omh
ead.
y 
lefts
houl
der.
x 
lefts
houl
der.
y 
right
shou
lder.
x 
right
shou
lder.
y 
lefth
and.
x 
lefth
and.
y 
right
han
d.x 
right
han
d.y 
leftel
bow.
x 
leftel
bow.
y 
right
elbo
w.x 
right
elbo
w.y 
leftu
par
mwi
dth 
leftlo
wera
rmwi
dth 
right
upar
mwi
dth 
rightl
owar
mwi
dth 
125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
375 -30 5 -10 10 -10 -15 -10 5 10 120 -15 15 20 -30 -20 -15 0 5 0 0 
500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
625 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
750 0 0 0 0 0 0 5 -15 0 0 80 -65 0 0 20 20 0 0 0 5 
875 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1000 30 10 10 20 10 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 
1125 0 0 0 -10 0 0 0 0 20 0 0 0 0 0 0 0 0 0 0 0 
1250 0 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1375 -10 -20 -5 -20 0 0 0 0 0 -110 -35 40 -15 20 5 -5 0 0 0 0 
1500 -15 0 0 0 -10 0 -10 10 0 -20 35 -35 0 0 0 0 0 0 0 0 
1625 -5 0 -5 -20 0 0 0 0 -5 0 0 0 0 0 -5 0 0 0 0 0 
1750 0 0 0 0 0 0 0 0 -10 -5 -10 10 0 0 0 0 0 0 0 0 
1875 30 15 15 15 10 5 10 -10 0 0 0 0 0 0 0 0 0 0 0 0 
2000 -5 20 0 30 0 10 0 10 0 10 -15 10 0 0 0 0 0 0 0 0 
2125 -5 -10 0 0 0 0 0 0 15 120 -35 110 35 -5 -30 0 0 0 0 0 
2250 5 -5 10 0 0 0 0 0 0 -10 5 5 -5 0 0 0 0 0 0 0 
2375 -15 -15 -5 -10 0 0 0 0 0 0 -5 -5 -5 -5 0 -5 0 0 0 0 
2500 0 0 0 -10 -5 -20 0 -10 -20 5 55 -120 0 0 10 10 0 0 0 0 
2625 -10 0 -10 -5 0 0 -5 5 0 0 0 0 0 0 0 0 0 0 0 0 
2750 0 0 0 0 0 0 0 0 0 0 -10 -5 0 0 0 0 0 0 0 0 
2875 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3375 0 0 -10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3500 0 5 0 0 -5 0 0 0 15 10 -5 0 0 0 0 0 0 0 0 0 
3625 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3875 0 0 -10 -15 0 0 0 0 -15 0 15 -10 0 0 0 0 0 0 0 0 
4000 -10 -5 10 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4375 0 0 0 0 0 0 0 0 0 0 30 0 0 0 0 0 0 0 0 0 
4500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4625 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4750 10 0 10 0 0 0 0 0 0 0 -55 10 -5 0 0 0 0 0 0 0 
4875 45 15 10 0 0 10 10 0 30 -130 25 0 -5 0 5 -10 0 0 0 -5 
5000 -35 -15 -5 0 0 0 0 0 -10 -15 0 0 -10 -10 0 0 0 0 0 5 
5125 10 20 -5 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5375 0 0 0 0 -10 0 -10 0 0 0 0 0 0 0 0 0 0 0 0 0 
5500 -20 -20 0 -15 10 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 
5625 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5875 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6000 5 15 5 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6125 5 5 -10 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6250 -10 -10 5 -20 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 
6375 0 0 -5 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6500 10 0 -5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6625 0 0 15 0 0 0 -5 0 0 0 -40 125 0 0 -30 -10 0 0 0 -5 
6750 5 5 -5 0 0 0 0 0 0 0 25 -140 0 0 20 10 0 0 0 0 
6875 -15 0 -10 5 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 
7000 -10 0 -5 0 0 0 0 0 0 0 10 0 0 0 5 0 0 0 0 5 
7125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7250 15 -5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7375 15 10 15 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7500 0 0 0 0 0 0 5 0 0 0 -5 5 10 10 0 0 0 0 0 0 
 
